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INTRODUCTION 



Knowledge about the lethal and sublethal affects of metals is 
voluminous. The time spent annually by individuals gleaning information 
from the hundreds of publications and reports is substantial. This 
compendium of information has summarized some of the salient features 
of the more commonly investigated metals, in the hope that it will 
reduce time spent on literature searches. 

The data sheets outline, briefly, some predominant characteristics 
of each metal. References are given for more detailed study. 



Organism 



LC 



so 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) Other 



(Ref. #) 



ALUMINUM 








adult fish 
Rainbow trout 
fingerlings 


@ 44 ppm 
no mortality 




(111) 


shrimp 


(344 ppm no mortal i 


ty 


(111) 


oysters 


ir 




(111) 


Speckled trout 


(3 8 ppm no mortal i 


ty 


(111) 


Red fish 


II 




(in) 


Grand killifish 


It 




(111) 


Gulf killifish 


» 




(111) 


Sheepshead minnow 


11 




(in) 


Brook trout 


e 5.2 ppm 
no mortality 




(112) 


eels (young) 


36 hrs @2.7 ppm, 
100% mortality 
50 hrs (3 0.27 ppm 
no mortality 




(113) 


Scenedesmus 


@ 1.5 - 2.0 ppm 




(108) 


Daphnia 


96 hr. @ 1000 ppm 
no effect 




(108) 



@5.2 ppr,i Al (aqCI ) 
& pH 8.0 feeding 
activity reduced 
drastically over 24 hrs 



(112) 



dissolved and suspended (112) 
forms of aqueous Al are 
toxic to r.b.t. 
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Organism 



LC 



50 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) Other 



(Ref. #) 



ANTIMONY 
Daphnia 

Bacteria 
Scendesmus 
Fathead minnows 



96 hr = 20 ppm 

48 hr = 33 ppm 

96 hr = 3.5 ppm 

96 hr = 9-80 ppm 
dependent on 
water hardness 



(38. 39) 

(108) 
(108) 
(39. 106) 



found no correlation 
between tissue concen- 
tration and age of 
5_. numaycush (129) 
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Organism 



LC 



so 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) Other 



(Ref. #) 



ARSENIC 






algae 






Daphnia 


4.3 - 7.5 ppm 


(53) 


Gambusia affinis 






crayfish 






Carp 


96 hr 160 ppm 


(79) 


Mi nnow 


72 hr 27 ppm 


(77) 


Green sunfish 


MST = 46 hrs 

100 ppm 


(95) 



snail 
Rainbow trout 

Bay scallop 



48 hr = 150 ppm 



96 hr = 3.49 ppm 



(97) 



15-19 ppm mortality (101) 

(102) 



(181) 



the various forms and 
compounds of As have 
a BAF of 4-130 (1,2,3) 



1 



BAF = 9.20 at 0.1 ppm (3) 



algae seem to be a source 
of arseno-organic compounds 
found in higher marine 
organisms 



BAF '\'550 



(4) 
(95) 



TOXICITY DATA 
Organism LC50 {Ref. #) Sublethal (Ref. #) Other (Ref. #) 



no direct relationship (99) 
between uptake and 
level of exposure 



CADMIUM 
















oyster 










BAF = 0.46 




(12) 


snail 










BAF = 143 






lobster 










BAF = 2 




(12) 


Daphnia 


O.C 
hr 


)5 - 
size 


3.8 ppm 48 
related 


(110) 








Mummichog 










BAF = 36 




(12) 


Scallops (Bay) 


96 


hr 1 


.5 ppm 


(181) 








Mussels 










BAF = 400 




(126) 


Killifish 
Green sunfish 
White perch 


96 
96 
96 


hr - 
hr = 
hr = 


0.11 ppm 
1 .5 ppm 
8.4 ppm 


(153) 
(153) 
(153) 


Cd tended to 
accumulate more rapi 
in the soft organs 
(liver, kidney) 


(201) 
idly(167, 


Am. eels 


96 


hr = 


0.82 ppm 


(153) 








Carp 


96 


hr = 


0.24 ppm 


(153) 








Bass 


96 


hr = 


1.1 ppm 


(153) 








Flagfish 


96 


hr = 


2.5 ppm 


(193) 









no relation between (119) 
muscle burden and 
weight or length 



133, 137) 163. 164, 
165, 166, 193, 200, 
222, 201 
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TOXICITY DATA 
Organism LCso (Ref. #) Sublethal (Ref. #) Other (Ref. *) 



CESIUM 

Cyclops 48 hr = 400 ppm (110) No correlation (98) 

between weight and 
Daphnia 48 hr = 7.4 ppm (110) body burden 



Eudiaptomus 48 hr = 135 ppm (HO) 
padanus 
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Organism 



LC 



50 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) 



Other 



(Ref. #) 



COBALT 



Daphm'a 
bacteria 
Cyclops 
Scenedesmas 



48 hr 
48 hr 
48 hr 
48 hr 



1 .32 ppm 

2.5 ppm 
15.5 ppm 
1 .0 ppm 



(110) 
(108) 
(110) 
(108) 



Observed growth 
inhibition in 
Cyprinus ca rp i o 
at > 5 ppm 



(207) 



I 



Organism 



LC 



50 



(Ref. ») 



TOXICITY DATA 
Sublethal 



(Ref. #) 



Other 



(Ref. #) 



COPPER 




Bluegill 


96 hr = 740-1101 


Ephemerella 
grandis 


14 days = 0.18- 
0.20 ppm 


Pteronarcys 
californica 


14 days = 10-13 


Rainbow trout 


24 hrs = 0.14 p 



Fathead minnow 



Brook Trout 
Stickleback 
Gambusia affinis 



Daphnia 

Gamma r us 

Crayfish 

Killifish 

Green sun fish 

White perch 

Carp 

Am. eel 
parr 

smolts 



96 hr = 0.18 ppm 



96 hr = 100 ppb 

6.5 days = 1 ppm 

96 hr = 75 ppm 

24 hr = 1 ppm 

96 hr = 1 .5 ppm 

96 hr = 0.25-3 ppm 

96 hr = 0.86 ppm 

96 hr = 2.4 ppm 

96 hr = 6.2 ppm 

96 hr = 0.81 ppm 

96 hr = 6.0 ppm 
96 hr = 74 ppb 
96 hr = 60 ppb 



(13. 14 

91) 

(76) 



(76) 



(56) 



(88) 
(110) 



(65) 

(40) 

(81) 

(84) 

(90) 

(92) 

(152) 
(152) 
(152) 
(152) 

(153) 
(187) 
(187) 



BAF 740-2900 
BAF 95-9100 



(61) 



lethality in hard 
H2O related to total 
concentration of Cu 
species 

6 ppb = safe level 
for reproduction and 
growth in soft H2O. 
15-33 ppb = in hard 
(62. 63) H2O. 



copper seriously affects 
reproduction and growth of 
most species. The actual 
concentration at which the 
affect is noticeable varies 
from species to species 



(13, 14) Also see 23, 15, 170, 66, 
59, 171. 31. 55, 60, 80. 
201, 62, 64, 65, 58, 39, 71, 
72, 130, 94. 115, 169. 129. 
172, 132, 222 



(56) 
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Organism 



LC 



50 



{Ref. #} 



TOXICITY DATA 
Sublethal 



(Ref. #) Other 



(Ref. #) 



CYANIDE 
Algae 

Fathead minnow 

Bluegill 
Brown trout 
Smallmouth bass 



96 hr = 0.17-10 ppm 

96 hr = 0,019-390 ppn 

ILC 30 hr = .09 ppm 

ILC 24 hr = 
0.104 ppm 



(48) 

(93) 
(50) 
(50) 



50% reduction in growth 
0.092-0,49 ppm 

for acrylonitrile affects 
on several species see (52) 



For NaCN values see 



(49) 
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Organism 



LC 



50 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) Other 



(Ref. #) 



IRON 



Levels in Arctic cod 

were higher in livers 

than fillets (201) 

Growth of Coho Salmon 
reduced in H2O vnth 
1 .2 ppm Fe 10.5 ppm 
did not affect hatch- 
ability & survival (197, 198) 



t 



TOXICITY DATA 
Organism LC50 (Ref. #) Sublethal (Ref. #) Other (Ref. #) 



LEAD 



Fathead minnows 


96 


hr = 5.6-482 ppm 


(37) 


Bluegill 


96 


hr-24-442 ppm 


(37) 


Goldfish 


96 


hr = 31.5 ppm 


(37) 


Daphnia 


64 


hr = 1 .25 ppm 


(38) 


Rainbow trout 


96 


hr = 1 ppm 


(41. 


Pteronarcys 
californica 


14 


days 19.2 ppm 


(80) 


Cyclops 


48 


hr = 5.5 ppm 


(110) 


Daphnia 


48 


hr - 0.60 ppm 


(110) 



Sublethal affects (31, 35, 
36, 42, 43, 44, 45, 136, 
76, 84, 119, 194, 196, 222) 
most affects are in impaired 
growth and spinal curvature. 
Some brain damage observed at 
5.30 ppb ^ fontinalis showed 
a decrease in wt. and an 
(41, 136) increase in alkaline phos- 
phatase acetycholinesterase 
activity (69) 



Organism 



LC 



5 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) 



Other 



(Ref. #) 



MERCURY 
Rainbow trout 

Cyclops 

Daphnia 

Mumnichog 

Killifish 

Perch 

Sunfish 

W. Bass 

Carp 



96 hr = 0.22-0.40 
as T 20°- 5°C 



48 hr 
48 hr 
96 hr 
96 hr 
96 hr 
96 hr 

95 hr 

96 hr 



2.2 ppm 
0.0055 ppm 
1 .5 ppm 
0.11 

0.09 ppm 
0.30 ppm 
0.22 ppm 
0.18 ppm 



(9. 17) 

(110) 

(110) 
(128) 
(153) 
(153) 
(153) 
(153) 
(153) 



Acute toxic action 

exerted on gills 

(BAF = 3.8-12.0) (17) 

By esophagae ligation it 
was shown that Hg and 
CHsHg enters fish via 
gills. Also CHsHg 
enters at a more rapid 
rate and that Hg does 
not require methyl ati on 
prior to entry 



(9) 
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Organism 



LC 



50 



(Ref. #) 



TOXICITY DATA 
Sublethal 



{Ref. #) Other 



{Ref. #) 



MOLYBDENUM 
Fathead Minnow 

Scenedesmus 



96 hr = 70-560 ppm (106, 

depending on salt 107) 

used 



No age and body (109) 

burden correlation 



Threshold concentration (108) 
for deleterious 
effects = 54 ppm 



t 



Organism 



LC 



so 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. §) Other 



(Ref. #) 



NICKEL 








Cyclops 


481- 


ir=15 


ppm 


Eudiaptomus 
padanus 


481- 


ir=3-f 


5 ppm 


Daphnia 


48 


hr = 


1 .9 ppm 


Fathead minnow 


96 hr = 4.6-43 
depending on 
HaO hardness 


Stickleback 


1 week = 
survi va' 


= Ippm - 

1 


Goldfish ) 
Bluegill ) 
Guppies ) 


48 


hr = 


495 ppm 


Channel Catfish 


48 


hr = 


165 ppm 


Rainbow Trout 


48 


hr = 


160 ppm 


Brown Trout 


48 


hr = 


270 ppm 


Brook Trout 


48 


hr = 


242 ppm 


Lake Trout 


48 


hr = 


75 ppm 


Penaeus duorarnm 


48 


hr = 


200 ppm 


Penaeus aztecus 


48 


hr = 


150 ppm 


Hemigrapsis 
oregonensis 


48 


hr - 


300 ppm 


CI inocardium 


48 


hr = 


500 ppm 


nuttali 









(110) 

(110) 

(110) 
(117) 

(113) 

(146) 

(146) 
(146) 
(146) 
(146) 
(146) 
(147) 
(147) 
(147) 

(147) 



Reproductive impairment 
(115, 45, 150, 151, 155) 



Synergistic additive (48) 

(148) 



Lethal level = 0.8 ppm (148) 

10 ppm/200 hr = no (139) 
mortality 

MLC = 48 ppm (142) 



Also see 



(108. 144, 149 
145, 143) 
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Organism 



LC 



50 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. 4) Other 



(Ref, #) 



NICKEL (continued) 

Brown Shrimp 48 hr = 255 ppm 

Striped Bass 96 hr = 6.2 ppm 

Killifish 96 hr = 46.2 ppm 

Pumpkinseed 96 hr = 8.1 ppm 

W. Perch 96 hr = 13.6 ppm 

Am. eel 96 hr = 13,0 ppm 

Carp 96 hr = 10.6 ppm 



(149) 

(152) ) 

(152) ) 

(152) ) Also check 153. 115, 

) 155, 108, 141. 

(152) ) 

(152) ) 

(152) ) 



or 
I 



TOXICITY DATA 
Organism LC50 (Ref. #) Sublethal (Ref. #) Other (Ref. #) 

SELENIUM 

Daphnia 2.5 ppm (108) Uptake associated with 

Hg and other heavy 
metals (188, 189, 
190, 191, 225) 

Carassius 

auratus 7 day - 12 ppm (223, 

224) 



I 



Organism 



LC 



so 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) 



Other 



(Ref. #) 



SILVER 



Pteronarcys 
californica 


14 day = 9 ppb 


(76) 


Ephemerella 
grandis 


14 day <1 ppb 


(76) 


Bay Scallops 


96 hr = 33 ppb 


(181 


Rainbow Trout 







If eggs exposed at 

2.5 ppm, total 

mortality of fry due 

to poor larval development. 

(218, 219). At 1.2 ppm 

40% mortality at 0.6 ppm 

reduced growth (219, 220) 



I 



Fundulus 


96 hr = 


40 ppb 


(215) 


heterocl itus 








Daphnia 


96 hr = 


30 ppb 


(108) 


Scenedesmus 


96 hr = 


50 ppb 


(108) 


Escherichia 


96 hr = 


40 ppb 


(108) 



TOXICITY DATA 
Organism LC50 {Ref. H) Sublethal (Ref. ^) Other (Ref. #) 



STRONTIUM 






Cyclops 


48 hr = 300 ppm 


(110) 


Eudiaptomus 

padanus 


48 hr = 180 ppm 


(no) 


Daphnia 


48 hr = 75 ppm 


(110) 



i 

00 



Organism 



LC 



50 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. #) Other 



(Ref. #) 



THALLIUM 



In both fish and 
invertebrates it 
acts as a neuro- 
poison 



(125, 127) 



1^ 
I 



Organism 



LC 



so 



(Ref. #) 



TOXICITY DATA 
Sublethal 



(Ref. ?) 



Other 



(Ref. #) 



ZINC 



Rainbow Trout 

Brown Trout 

Cutthroat Trout 

Brook Trout 

Pteronarcys 
call fern ica 

Fathead minnow 

Guppy 

Gob 10 gobio 

Clydops 

Daphnia 

Killifish 

Carp 

Green sunfish 

Am. eel 

W. perch 



14 day = 0.41 ppm 

14 day = 0.64 ppm 

14 day =0.67 ppm 

14 day = 0.96 ppm 

14 day >13.9 ppm 

12 day = 1 .69 ppm 
32 hr = 1 ppm 
7 day =8.4 ppm 
48 hr = 5.5 ppm 
48 hr = 0.040 ppm 
96 hr = 19.1 ppm 
96 hr = 7.8 ppm 
96 hr = 20 ppm 
96 hr = 14.6 ppm 
96 hr = 14. 3 ppm 



28) 
28) 
28) 
28) 

76) 

85) 
87) 
86) 

no) 
no) 

152) 
152) 
152) 
152) 
152) 



Avoidance reaction in (26) 

soft water. Rate of (24) 

uptake related to (25, 

temperature 68) 

For accumulation and 
growth see 99, 195, 
27, 31, 32, 33, 2001, 
29. 34, 30, 46, 45, 67, 
74, 199, 193. 208 



I 
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